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To i n v e s t i g a t e  deoxygenat ion o f  n i t ro soazometh ine  d e r i v a t i v e s  

(111) as a method f o r  t h e  g e n e r a t i o n  o f  azomethine n i t r e n e s  ( I V ) ,  

a p r o p a r a t i o n  of t h s s e  v i r t u a l l y  unknown n i t r o s o  compounds2 by t h e  

.oxidat ion and dehydrogenat ion  of secondary  amidoximes has been 

sought .  

C H CNHC6Hs C H C=NC,H5 C H C=NC,IIs 
NO ' I  

NHOH '11 
NOH 

I I1 I11 Iv 

A t  room t e m p e r a t u r e  o r  below, t h e  oxime (I)  of b e n z a n i l i d e  r e -  

a c t s  r e a d i l y  w i t h  l e a d  t e t r a a c e t a t e ,  - N-brornosuccinimide, o r  d i e t h y l  

a z o d i c a r b o x y l a t e .  The 0-benzoyl d e r i v a t i v e  (VI of  t h e  oxime of ben- 

zani15.de i s  produced i n  y i e l d s  of 15-6, 13 and 57.7 p e r c e n t  r e s p e c -  

t i v e l y .  I ts  fo rma t ion  i s  c o n s i s t e n t  w i t h  an i n i t i a l  o x i d a t i o n  o r  

dehydrogenat ion  of t h e  amidoxime i n t o  1 , 2-diphenyl-2-nitrosoazome t h i n e  

(111) and subsequent  condensa t ion  between I and I11 f o l l o w e d  by 

h y d r o l y s i s  d u r i n g  t h e  workup. 

I 4 2  , I11 
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A s  a l t e r n a t i v e  r e a c t i o n s  l e a d i n g ' t o  t h e  dlormation of  V, t h e  

condensa t ion  of I w i t h  e i t h e r  i t s e l f  o r  b e n z a n i l i d e  a t  t h e  tempera-  

t u r e s  employed was e l i m i n a t e d  by s e p a r a t e  s x p s s i m e n t s  which r e v e a l e d  

no r e a c t i o n  i n  e i t h e r  event .  A s m a l l  amount oF b e n z a n i l i d e  i s o l a t e d  

from each  o x i d a t i o n  o r  dehydrogenat ion  may be a t t r i b u t e d  t o  hydro ly-  

s i s  of  anyone o f  t h e  s e v e r a l  d e r i v a t i v e s  o f  C,HSC(NHC6H,)=N- which 

arrt p r e s e n t  d u r i n g  workup of t h e  r e a c t i o n  mixkure.  b' 
An independent  s y n t h e s i s  o f  V (75.6% y i e l d $  w a s  developed f'rom 4' 

a new r e a c t i o n  between b e n z o n i t r i l e  ox ide  and &e oxime ( I ) .  I n  

a d d i t i o n  t o  V, b e n z a n i l i d e  and d ipheny l fu roxan  were formed. Although 

t h e r e  is no d i r e c t  p o s i t i v e  evidence t o  support ;  it, t h e  p o s s i b i l i t y  

t h a t  b e n z o n i t r i l e  ox ide  may be  g e n e r a t e d  dur ing;  an o x i d a t i o n  o f  I 

h a s  been r ecogn ized .  

Both o x i d a t i o n  and dehydrogenat ion  may p r m e e d  from t h e  t a u t o -  

meric  hydroxylamincj (11). F a c i l e  o x i d a t i o n  of hydroxylamines t o  

n i t r o s o  compounds i s  w e l l  e s t a b l i s h e d ;  however, dehydrogenat ion  of 

t h e  hydroxylamino f u n c t i o n  b y  e t h y l  azodicarbox-y la te  was unknown 

h e r e t o f o r e .  By t h i s  r eagen t  phenylhydroxylamime has been dehydro- 
~ 

. ' gena ted  t o  n i t rosobenzene  i n  71% y i e l d .  An explana . t ion  for t h e  ~ 

I 

? r e a c t i o n  i s  based upon a concer ted  o r  s t epwise  ' d i s s o c i a t i o n  o f  a 

prop~sed c y c l i c  adduc t ,  VI. E t h y l  hydrazocarbeixylate  i s  produced i n  

a comparable y i e l d  of 72%. 

n i t r o s o  compound may be of v a l u e  when c a r r i e d  mut i n  t h e  p r e s e n c e  of 

Conceivably t h i s  new p r e p a r a t i o n  of  a 

o t h e r  groups s e n s i t i v e  t o  o x i d i z i n g  o r  r e d u c i n g  r e a g e n t s .  C lose ly  

2. 



r e l c t e d  dehydrogenat ion  of o t h e r  comp.oundS, e0gm pr imary  and secon- 

dary  a l c o h o l s ,  p r imary  amines and mercaptans,  b y  d i e t h y l  a z o d i c a r -  

boxy la t e  has  been r e p o r t e d .  3 

A 
KO OC2H5 . 

VI 

I 
When R = C&6N=CC&, V I  may undergo d i s s o c i a t i o n  w i t h  t h e  f o r -  

mat ion  n o t  o n l y  o f  111 b u t  also o f  3,4-diphenyE -1 ,2 ,4 -oxad iazo lone -~  

( V I I ) ,  i s o l a t e d  i n  low y i e l d .  An a d d i t i o n a l  explana tLon f o r  t he  

/ \  
6H6 sH6 

V I 1  

f o r m a t i o n  of V I 1  r e q u i r e s  i n i t i a l  a c y l a t i o n  a t  ( e i t h e r  amide n i t r o g e n  

o r ,  more l i k e l y ,  oxime oxygen of I. I n  e i t h e r  event  t h e  f a t e  o f  t h e  

0 

e x t r u s i o n  by-product,  Nz=C (OH)OC,Hc,, has  n o t  b e e n  de termined .  C o n -  

c e i v a b l y  e i t h e r  methyl  formate  o r  carbon rnonoxfde and e t h a n o l  a r e  

i 3 .  



. 

produced w i t h  n i t r o g e n .  It was independen t ly  e s t a b l i s h e d  t h a t  VI1 

i s  not  produced under comparable c o n d i t i o n s  b y  t h e  i n t e r a c t i o n  o f  

e t h y l  hydrazocarboxyla te  and I. 

Experimental  

The oxime ( I )  of  b e n z a n i l i d e  was prepa red  by r e f l u x i n g  a n  a l -  

' c o h o l i c  s o l u t i o n  o f  t h i o b e n z a n i l i d e ,  mp 98-100~ C y  and e q u i v a l e n t  

amounts o f  hydroxylamine hydroch lo r ide  and sodium ca rbona te  for 1 2  e 

hours4 o r  from an e t h e r  s o l u t i o n  o f  b e n z o n i t r i l e  ox ide  and a l a r g e  

excess  o f  a n i l i n e  on s t a n d i n g  f o r  1 2  hours .S Average y i e l d s  o f  70 

p e r c e n t  o f  c o l o r l e s s  s o l i d  were ob ta ined  a f t e r  r e c r y s t a l l i z a t i o n  

from hexane-benzene (Z:l), mp 136-137O. 

Addi t ion  of benzoyl  c h l o r i d e  t o  I a f f o r d e d  t h e  0-benzoyl d e r i v a -  

t i v e  ( V ) ,  c o l o r l e s s  s o l i d ,  mp 116-117O C O 4  

chloroform (cm'l): 3450, 3010, 1755 vs,  1620, 2610, 1580, 1510, 1455, 
1400, 1260-1200, 1080, 1060 and 1025. I n  deu t s roch lo ro fo rm V gave 

nmr f o r  two s e t s  of  a romat ic  p ro tons  a t  68.10-7.86 and 7.60-6.69. 

I n f r a r e d  a b s o r p t i o n  i n  

Oxtda t ion  o f  t h e  oxime (I) of benzani l i .de ,  A.  h a d  T e t r a a c e t a t e .  - 
From a c l o s e d  dropping  f u n n e l ,  a s o l u t i o n  o f  2.12 g (0.01 mole)  o f  

t h e  oxime (I) i n  50 r n l  o f  methylene ch lo r ide '  was added s lowly  over  

a p e r i o d  o f  two hours  w i t h  s t i r r i n g  t o  a s o l u t i o n  of  4.43 g (0.01 

mole)  of l e a d  t e t r a a c e t a t c 7  i n  40 m l  o f  m e t h y l m e  c h l o r i d e  i n  a 

c l o s e d  125 m l  Erlenmeyer flask i n  an  i c e - b a t h  t o  main ta in  t h e  r e -  

a c t i o n  mix tu re  a t  Oo C .  As t h e  a d d i t i o n  p r o g r e s s e d  t h e  s o l u t i o n  

t u r n e d  d a r k  and a c o l o r l e s s  p r e c i p i t a t e  o f  l e a d  a c e t a t e  appeared and 

was removed by f i l t r a t i o n  a f t e r  s t a n d i n g  a t  room tempera ture  f o r  1 2  

hour s ,  2.9 g (0.0089 mole) ,  89.1%. A f t e r  s u c c e s s i v o l y  washing t h e  

4. 



dark  f i l t r a t e  w i t h  wa te r  and sodium b i c a r b o n a t e  s o l u t i o n ,  d r y i n g  

over  magnesium s u l f a t e ,  f i l t e r i n g  and e v a p o r a t i n g  a d a r k  t a r r y  

r e s i d u e  was ob ta ined  and chromatographed o v e r  s i l i c a  g o 1  . 
e l u t i o n  of an u n i d e n t i f i e d  yellow o i l  by hexane and bsnzene mix tu res ,  

100 mg (0.5 mmole) of b e n z a n i l i d e  (5% y i e l d )  was e l u t e d  b y  benzene- 

ch loroform (6:l) and r e c r y s t a l l i z e d  from ca rbon  t e t r a c h l o r i d e  as 

c o l o r l e s s  need le s ,  rnp and mixture  mp w i t h  an  a u t h e n t i c  sample 162- 

F o l l o w i n g  

4 

a 
? L 6 3 O  C. 

A very dark o i l  (1.0 g) was e l u t e d  wi th  benzene-chloroform ( 2 : 3 )  

and slowly s o l i d i f i e d ,  mp 90-95O. With a R o d d e ~  s t r e a k e r  ins t rument  

250 mg was d e p o s i t e d  on a t h i n  l a y e r  (2 mm t h i c k )  chromatographic  

s i l i c a  g e l  p l a t e .  P l a t e  development w i t h  benzene-ethyl  a c e t a t e  (5:l) 

produced 8 co lo red  bands,  on ly  one of which, Rf 0.5, c o n s i s t e d  of an  

a p p r e c i a b l e  amount of m a t e r i a l  f rom which 80 mg of l i g h t  yel low s o l i d ,  

mp 108-11.1~ was i s o l a t e d  and r e c r y s t a l l i z e d  from benzene-hexane (l:4) 

as c o l o r l e s s  need le s ,  rnp 116-117O. Combined p roduc t  From d i f f e r e n t  

t l c  r u n s  a t  t h i s  s t a g e  gave 248 mg (0.78 m o l e )  (15.6% y i e l d )  o f  t h e  

0-benzoyl d e r i v a t i v e  ( V )  of t h e  oxime of benzani l i .de .  Comparison 

wi th  a n  a u t h e n t i c  sample r evea led  an  i d e n t i c a l  ir spectrum, an iden-  

t i c a l  nmr spectrum, and undspressed mixture  mp, Hydrolys is  of V i n  

5% sodium hydroxide  produced t h e  oxime I i n  87% y i e l d  and benzoic  

acid i n  81%. 

B. N-Bromosuccinimide, To a s t i r r e d  s o l u t i o n  of 1.6 g (7.5 m o l e ) .  

o f  t h e  oxime (ij i n  50 rnl o f  CHC13 cooled i n  an  i ce -ba th  t o  0" c a 

s o l u t i o n  o f  1.35 g (7.5 m o l e )  of N-bromosuccinimlde i n  50 m l  of 

ca rbon  t e t r a c h l o r i d e ,  mp 169-171O C,  was added dropwise  as a brown 

c o l o r  developed and c o l o r l e s s  c r y s t a l s  s e p a r a t e d .  S t i r r i n g  was 



cont inued  f o r  l * s  hours  a t  Oo C and 1 2  hours  a t  room tempera ture .  

Succinimide, 227 mg (2.3 m o l e ) ,  3O.6%, mp 124O, was s e p a r a t e d  by 

f i l t r a t i o n .  T r i t u r a t i o n  w i t h  carbon t e t r a c h l o r i d e  of' a d a r k  o i l  

ob ta ined  from t h e  f i l t r a t e  on evapora t ion  brought  about  t h e  sepa ra -  

t i o n  o f  a c o l o r l e s s  s o l i d  which a f t e r  s e p a r a t i o n  by f i l t r a t i o n ,  

w a s  d i s s o l v e d  i n  wa te r  and t r e a t e d  w i t h  excess  sodium ca rbona te .  

From an  e t h e r  e x t r a c t  a f t e r  drying over  magnesium s u l f a t e  and 

evapora t ion ,  t h e  c o l o r l e s s  oxime (I)  was recovered ,  mp 134-136O, 

300 m g  (1.4 m o l e )  (18*7%). 
e 

The carbon t e t r a c h l o r i d e  s o l u t i o n  was e x t r a c t e d  w i t h  5 p e r c e n t  

sodium ca rbona te ,  washed w i t h  water ,  d r i e d  ove r  ca l c ium c h l o r i d e ,  

f i l t e r e d  and evaporayed. A dark o i l  r e s i d u e  was chromatographed o v e r  

s i l i c a  g e l .  A s m a l l  q u a n t i t y  o f  an u n i d e n t i f i e d  ye l low o i l  was 

e l u t e d  w i t h  benzene followed by a c o l o r l e s s  s o l i d  which r e c r y s t a l -  

l i z e d  from carbon t e t r a c h l o r i d e  as need le s ,  mp 162-163O C ,  50 m g  

(0.25 m o l e )  o f  b e n z a n i l i d e  (4.2% y i e l d  based on recovered  I ) .  

Benzene-chloroform (4: l )  e l u t e d  a l i g h t  yel low s o l i d  which re- 

c r y s t a l l i z e d  from hexane-benzene as f i n e  c o l o r l e s s  need le s ,  mp 116- 

117O, 120  m g  (0.379 m o l e )  o f  t he  0-benzoyl d e r i v a t i v e  ( V )  of t h e  

oxime o f  b e n z a n i l i d e  (13% y i e l d  based on recovered  I ) .  

w i t h  an  a u t h e n t i c  sample i r  and nmr were r e s p e c t i v e l y  i d e n t i c a l  and 

a mix tu re  rnp was undepressed.  

I n  comparison 

F u r t h e r  e l u t i o n  gave a dark u n i d e n t i f i e d  o i l  and e t h e r - c h l o r o -  

form (1:l) e l u t e d  a brown s o l i d  which r e c r y s t a l l i z e d  f rom benzene- 

hexane as c o l . o r l e s s  I, mp 133-135O C, 50 zg (r3.23 x.?.x~le) ( 3 % ) .  

F u r t h e r  e l u t i o n  w i t h  e t h e r  gave a d a r k  t a r .  



C .  D ie thy l  azod ica rboxy la t e .  An orange so lu t i t on  o f  1.80 g (8.4 
m o l e )  o f  t h e  oxime (I) and 1.46 g (8.4 rmnoleE7 of d i e t h y l  azod ica r -  

boxyla te8  i n  50 ml o f  chloroform was kep t  a t  r o o m  t empera tu re  i n  a 

125 m l  Erlenmeyer flask f o r  1 2  hours  as t h e  coB.ar deepened t o  r e d -  

brown. Combined 2 N hydroch lo r i c  a c i d  e x t r a c t s :  were c a r e f u l l y  

n e u t r a l i z e d  by t h e  a d d i t i o n  of potass ium hydrox ide  p e l l e t s .  From 

t h e  s l i g h t l y  b a s i c  s o l u t i o n  a wh i t e  s o l i d  s e p a r a t e d  from which e t h e r  

e x t r a c t e d  0.16 g (0.75 m o l e ) ,  mp 135-136O C ,  af recovered  oxime 

(I) (8.9%). 
e 

The chloroform l a y e r  gave a brown-red o i l  a f t e r  d r y i n g  over  mag- 

nesium s u l f a t e ,  f i l t e r i n g  and evapora t ing .  On a d d i t i o n  of 50 ml of 

e t h e r  a l i g h t  yel low s o l i d  sepa ra t ed  which d e p p s i t e d  as c o l o r l e s s  

need le s ,  340 mg (1.93 m o l e )  (25.2% based on reicEovered I )  mp 129- 

131° C ,  on r e c r y s t a l l i z a t i o n  f r o m  carbon t e t r a c . b l o r i d e  and i d e n t i f i e d  

as d i e t h y l  hydrazodicarboxyla te .  An u n i d e n t i F i e d  brown s o l i d ,  15 

mg,  mp 280-290° C remained i n s o l u b l e  i n  ho t  c a r b o n  t e t r a c h l o r i d e  and 

was s e p a r a t e d .  

8 

The e t h e r  s o l u t i o n  was chromatographed O V ~ Y  70 g o f  s i l i c a  g e l .  

A few m g  of u n i d e n t i f i e d  ye l low o i l s  were e l u t e d  by benzene-hexane. 

A c o l o r l e s s  s o l i d  was t h e n  e l u t e d  w i t h  chlorofairm-benzene (1:6) and 

r e c r y s t a l l i z e d  from benzene -hexane as 3 ,.!+-diphenyl -1,2, ,!+-oxadiazo- 

lone-5, mp and mixture  np 1650167~ C,4 

y i e l d .  I ts  i r  spec t rum (cm-l) from c h l o r o f o r m  W R S  i d e n t i c a l  w i t h  

t h a t  ob ta ined  from a u t h e n t i c  m a t e r i a l :  3060, 30020, 1785 v s ,  1605, 

1595, 1565, i jro,  li$s, Ius, 2330, 1320, 1150; 1075, i.030, iOl6, 

35 mg (It0.14 mrrlole) (1.9% 

1000, 975, 890, 610. 

Next benzene-chloroform ( 6 : l )  e l u t e d  a c o I o r l e s s  s o l i d ,  mp 160- 

161°, i d e n t i f i e d  as b e n z a n i l i d e ,  75 mg (0.38 mrrzole) (4.9% y i e l d ) .  

7 .  



With an a u t h e n t i c  sample t h e  mp was uhdepressed  and a n  i d e n t i c a l  

ir spectrum was o b t a i n e d .  

m o l e )  (57.7%) p a l e  y e l l o w  n e e d l e s ,  mp 112-115° C,  which r e c r y s -  

t a l l i z e d  f r o m  benzene-hexane as c o l o r l e s s  n e e d l e s ,  nrp 116-117a, of 

Continued e l u t i o n  produced 0.70 g (2.21 

I 

w V. Comparison w i t h  a u t h e n t i c  m a t e r i a l  produced i d e n t i c a l  i r  s p e c t r a  
f, 

ji= 

and an undepressed mix tu re  mp. 

Chloroform-Senzens (3 :I) then  e l u t e d  a brown o i l ,  a .pparent lg  a 

m i x t u r e  of V and d i e t h y l  hgdrazod ica rboxy la t e  a c c o r d i n g  t o  t l c  and 

ir, fo l lowed by a c o l o r l e s s  s o l i d ,  mp 130-13Z0, 450 mg (2.55 m o l e )  

(33.3% y i e l d  based on recovered  I) ,  i d e n t i f i e d  as d i e t h y l  hydrazo-  

d i c a r b o x y l a t e .  

e 

6 

E t h e r  e l u t e d  a da rk  red  band as an u n a t t r a c t i v e  b l a c k  o i l  and 

e t h y l  a c e t a t e  e l u t e d  an a d d i t i o n a l  dark  brown all. 

Oxidat ion  o f  N-Phenylhgdroxylarnine -- b y  d i e t h y l  ..A- a z o d i c a r b o x y l a t e .  

To  an  o rangs  s o l u t i o n  of 8.70 g (0.05 mole)  o f  d i e t h y l  azodicarbo-  

x y l a t e  i n  50 ml of  e t h e r  e x t e r n a l l y  coo led  t o  -30' C by a d r y  i c e -  

a c e t o n e  ba th ,  a s o l u t i o n  of 5.45 @; (0.05 mole)  sf N-phenylhydroxyl- 

amine9 i n  50 ml o f  e t h e r  was added dropwise w i t h  magnet ic  s t i r r i n g  

over  a p e r i o d  of  one hour  during which t ime  a g r e e n  c o l o r  r a p i d l y  

developed and a c o l o r l e s s  p r e c i p i t a t e  appeared The s o l u t i o n  was 

s t i r r ed  a n  a d d i t i o n a l  two hours a t  room t e m p e r a t u r e .  I n f r a r e d  ab= 

s o r p t i o n  i d e n t i c a l  w i t h  t h a t  f o r  an a u t h e n t i c  sample  and an undepres-  

sed m i x t u r e  mp i d e n t i f i e d  t h e  s e p a r a t e  c o l o r l e a s  s o l i d  as d i e t h y l  

h y d r a z o d i c a r b = x S ~ a t s ,  6,4 g (0.0363 mole )  (72% y i e l d )  r p  131-133'. 
9 

A g r e e n  s o l i d  remained a f t e r  e v a p o r a t i o n  of t h e  o t h e r  f i l t r a t e  

and was s t eam d i s t i l l e d .  Combined e t h e r  e x t r a c t i o n s  of  t h e  d i s t i l -  

l a t e  were d r i e d  over  ca lc ium chloride, f ' i l t e r e s .  and evapora ted  l e a v i n g  



. 

hours  a t  room t empera tu re  a s o l u t i o n  of  2.12 g (0.01 m o l e )  o f  t h e  

oxime ( I )  i n  30 m l  o f  chloroform and 0.0042 mol0 of b o a z o n i t r i l e  

1 

I i  

. 
a g reen  l i q u i d  which s o l i d i f i e d  t o  c o l o r l e s s  c r y s t a l s ,  mp 63-6s0 

(green  m e l t )  o f  n i t rosobenzene ,  3.8 g (0.0356 mole) (71% y i e l d ) .  

I n  comparison w i t h  a u t h e n t i c  m a t e r i a l ,  i d e n t i c a l  i r  s p e c t r a  were 

ob ta ined  and a mixture  mp was undepressed.  

t i o n  of  po tass ium hydroxide p e l l e t s  vihereupon tt c o l o r l e s s  p r e c i p i -  

t a t e  s e p a r a t e d  and was e x t r a c t e d  w i t h  e t h e r .  Yiie e t h e r  e x t r a c t s  
I 

were d r i e d  over  magnesium s u l f a t e ,  f i l t e r e d  and evapora ted  l e a v i n g  

a r e s i d u e  of 1 .60  g (0.0075 mole) of' recovered  I, r;rp 135-136O C. 

The e ther -ch loroform s u b s t r a t e  a f t e r  a c i d  e x t r a c t i o n  was d r i e d  

over  magnesium s u l f a t o ,  f i l t e r e d  and evapora ted  t o  l e a v e  a brown o i l  

which was chromatographed over s i l i c a  g e l .  Hexane-benzene (3:l) 

e l u t e d  a c o l o r l e s s  s o l i d ,  mp l l 2 - l l 4 . O  C,  110 m g  (0.46 m o l e )  (21.9%) 

i d e n t i f i e d  as d iphenyl furoxan .  11 
/ 

Next benzene-chloroform ( 6 : l )  e l u t e d  45 m g  (0.22 m o l e )  o f  ben- 

z a n i l i d e ,  mp 160-161° C (8.8% y i e l d  based on recovered  1 o r  5.2% 

based on b e n z o n i t r i l e  o x i d e ) .  

Continued e l u t i o n  w i t h  benzene-chloroform (6 : l )  removed 0.60 g 

(1.89 m o l e )  o f  V, mp 114-116O C as c o l o r l e s s  noed los  (75.8% y i e l d  

based on recovered  I o r  45.0% basod on b e n z o n i t r i l e  o x i d e ) .  

A brown band remained on t o p  of t h e  column. 

9. 
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